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VIRTUAL LAYER 1 (LI) CONNECTIVITY
ACROSS ANETWORK

BACKGROUND

Given some emerging scenarios, a scheme through which
a virtual physical layer connectivity, over a network, and
implemented between devices (or end points) that are not
co-located yet operate under the presumption that they are,
is greatly sought. Existing solutions, however, are charac-
terized through restrictions that limit scaling of the solu-
tions, confine the end points to a physical co-location, and/or
fail to transport or replicate the physical properties (e.g.,
errors, proprietary signaling, clock frequency, etc.) of the
data stream transmitted between the end points.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a system in accordance with one or more
embodiments of the disclosure.

FIG. 2 shows a source-side network device in accordance
with one or more embodiments of the disclosure.

FIG. 3 shows a target-side network device in accordance
with one or more embodiments of the disclosure.

FIG. 4 shows a flowchart describing a method for source-
side layer 1 (I.1) connectivity emulation in accordance with
one or more embodiments of the disclosure.

FIG. 5A shows a flowchart describing a method for
target-side L1 connectivity emulation in accordance with
one or more embodiments of the disclosure.

FIG. 5B shows a flowchart describing a method for clock
rate control using buffered data state in accordance with one
or more embodiments of the disclosure.

FIG. 6 shows an exemplary scenario in accordance with
one or more embodiments of the disclosure.

DETAILED DESCRIPTION

Specific embodiments of the disclosure will now be
described with reference to the accompanying figures.

In general, embodiments of the disclosure described
herein relate to a method and system for emulating physical
layer (1) connectivity between distant computing devices.
Existing solutions require that the computing devices or end
points directly connect to a same interconnecting (or net-
work) device and/or employ network devices requiring
awareness of the communication protocol used between the
end points. Further, existing solutions typically fail to match
the ingress and egress clock rates. These restrictions limit
scaling of the solutions, confine the end points to a physical
co-location, and/or fail to transport or replicate the physical
properties (e.g., errors, proprietary signaling, clock fre-
quency, etc.) of the data stream transmitted between the end
points. The disclosed method and system overcome these
limitations through implementation of a L1 connectivity
abstraction between computing devices across a network,
and through clock rate reconstruction using a data buffer
state controlled phase lock loop (PLL) mechanism.

FIG. 1 shows a system in accordance with one or more
embodiments of the disclosure. The system (100) may
include a data source (102), a source-side network device
(104), a target-side network device (108), and one or more
data targets (110A-110N). Specifically, the data source (102)
may directly connect to the source-side network device
(104), the source-side network device (104) may operatively
connect to the target-side network device (108) through a
network (106), and the target-side network device (108) may
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2

directly connect to the data target(s) (110A-110N). Each of
these system (100) components is described below.

In one embodiment of the disclosure, the data source
(102) may represent any physical computing device (or end
point) (e.g., implemented through computer software, firm-
ware, and hardware) that may be configured to generate,
transmit, receive, and/or process data. The data source (102)
may include functionality to communicate with—i.e., trans-
mit data to (and/or receive data from)—the data target(s)
(110A-110N) (described below). Though the data source
(102) and the data target(s) (110A-110N) may be indirectly
connected (via at least the source-side network device (104),
the network (106), and the target-side network device (108))
based on one or more embodiments disclosed herein, the
data source (102) may communicate with the data target(s)
(110A-110N) with the presumption of a direct connection
there-between. One of ordinary skill will appreciate that the
data source (102) may perform other functionalities without
departing from the scope of the disclosure.

Further, in one embodiment of the disclosure, the data
source (102) may include, but is not limited to, one or more
computer processors (e.g., integrated circuits), memory,
persistent storage, and one or more physical network inter-
faces (also referred to as ports). Examples of the data source
(102) may include, but are not limited to, a server, a desktop
computer, a laptop computer, a tablet computer, a smart-
phone, network testing equipment, or any other type of
computing device including the aforementioned minimum
requirements.

In one embodiment of the disclosure, the source-side
network device (104) may represent any physical computing
device that facilitates networking interconnection and com-
munication between co-located and/or remote (or physically
distant) end points. The source-side network device (104)
may include one or more computer processors (e.g., inte-
grated circuits, a switch chip, or network processor),
memory, persistent storage, and two or more physical net-
work interfaces or ports. The aforementioned computer
processor(s) may be programmed to determine out of which
network interface on the source-side network device (104) to
forward network traffic (e.g., protocol data units). To that
end, the aforementioned computer processor(s) may include
logical egress and ingress network interfaces that may
connect to physical network interfaces on the source-side
network device (104).

In one embodiment of the disclosure, the source-side
network device (104) may, generally, include functionality
to receive network traffic via the network interfaces, and
determine whether to: (i) drop the network traffic; (ii)
process the network traffic in accordance with one or more
embodiments of the disclosure; and/or (iii) send the network
traffic, based on the processing, out another network inter-
face on the source-side network device (104) towards a
destination. Concerning one or more embodiments disclosed
herein, the source-side network device (104) may at least
include functionality to perform the method outlined in FIG.
4, below, which may be directed to L.1 connectivity emula-
tion. One of ordinary skill, however, will appreciate that the
source-side network (104) may perform other functionalities
without departing from the scope of the invention.

In one embodiment of the disclosure, how the source-side
network device (104) makes the above-mentioned determi-
nation to drop network traffic (e.g., protocol data units),
and/or send network traffic to another system (100) compo-
nent (e.g., data source (102) or network (106)), depends, at
least in part, on whether the source-side network device
(104) is a layer 2 (1.2) switch or a layer 3 (LL3) switch (also
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referred to as a multilayer switch)— the latter of which may
perform at least some functions of a router. More specifi-
cally, if the source-side network device (104) operates as a
L2 switch, the source-side network device (104) may use a
destination media access control (MAC) address (specified
within header information of network traffic) along with a
forwarding table or policy to determine out of which net-
work interface to send the network traffic. Alternatively, if
the source-side network device (104) operates as a L3
switch, the source-side network device (104) may use a
destination Internet Protocol (IP) address (specified within
header information of network traffic) along with a routing
table or policy to determine out of which network interface
to send the network traffic. Further, if the source-side
network device (104) operates as a multilayer switch, the
source-side network device (104) may include functionality
to process network traffic using both MAC addresses and IP
addresses.

In one embodiment of the disclosure, the persistent stor-
age on the source-side network device (104) may include
any type of non-transitory computer readable medium that
includes computer readable program code (or instructions),
which when executed by at least one computer processor,
enables the source-side network device (104) to perform any
of the functionalities described herein. Moreover, examples
of'the source-side network device (104) may include, but are
not limited to, a switch, a router, a multilayer switch, a fibre
channel (FC) device, and an InfiniBand® device. The
source-side network device (104) is not limited to the
aforementioned specific examples. Further, the source-side
network device (104) is described in further detail in FIG. 2,
below.

In one embodiment of the disclosure, the network (106)
may represent a collection of network-enabled devices (or
systems) (e.g., switches, routers, gateways, etc.), which may
be interconnected using any combination of wired and/or
wireless connections. The network (106) (or any subset
thereof) may include functionality to facilitate communica-
tions between at least the source-side network device (104)
and the target-side network device (108), which may be
spatially or geographically distant from one another. Further,
in facilitating communications, the network (106) may
employ any combination of wired and/or wireless commu-
nication protocols. Examples of the network (106) may
include, but are not limited to, a local area network (LAN),
a wide area network (WAN) such as the Internet, a mobile
network, any other network type, or any combination
thereof.

In one embodiment of the disclosure, the target-side
network device (108) may represent any physical computing
device that facilitates networking interconnection and com-
munication between co-located and/or remote (or physically
distant) end points. The target-side network device (108)
may include one or more computer processors (e.g., inte-
grated circuits) (including a switch chip or network proces-
sor), memory, persistent storage, and two or more physical
network interfaces or ports. The aforementioned computer
processor(s) may be programmed to determine out of which
network interface on the target-side network device (108) to
forward network traffic (e.g., protocol data units). To that
end, the aforementioned computer processor(s) may include
logical egress and ingress network interfaces that may
connect to physical network interfaces on the target-side
network device (108).

In one embodiment of the disclosure, the target-side
network device (108) may, generally, include functionality
to receive network traffic via the network interfaces, and
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4

determine whether to: (i) drop the network traffic; (ii)
process the network traffic in accordance with one or more
embodiments of the disclosure; and/or (iii) send the network
traffic, based on the processing, out another network inter-
face on the target-side network device (108) towards a
destination. Concerning one or more embodiments disclosed
herein, the target-side network device (108) may include at
least functionality to perform the methods outlined in FIGS.
5A and 5B, below, which may be directed to L1 connectivity
emulation and clock rate control using buffered data state,
respectively. One of ordinary skill, however, will appreciate
that the target-side network (108) may perform other func-
tionalities without departing from the scope of the invention.
While the source-side network device (104) and the target-
side network device (108) are described in terms of one
direction of communication, one of ordinary skill will appre-
ciate that, in at least some embodiments, each network
device (104, 108) can operate as both a source and target for
network traffic in different directions.

In one embodiment of the disclosure, how the target-side
network device (108) makes the above-mentioned determi-
nation to drop network traffic (e.g., protocol data units),
and/or send network traffic to another system (100) compo-
nent (e.g., network (106) or one or more data targets
(110A-110N)), depends, at least in part, on whether the
target-side network device (108) is a layer 2 (L2) switch or
a layer 3 (L3) switch (also referred to as a multilayer
switch)— the latter of which may perform at least some
functions of a router. More specifically, if the target-side
network device (108) operates as a [.2 switch, the source-
side network device (104) may use a destination media
access control (MAC) address (specified within header
information of network traffic) along with a forwarding table
or policy to determine out of which network interface to
send the network traffic. Alternatively, if the target-side
network device (108) operates as a L3 switch, the target-side
network device (108) may use a destination Internet Proto-
col (IP) address (specified within header information of
network traffic) along with a routing table or policy to
determine out of which network interface to send the net-
work traffic. Further, if the target-side network device (108)
operates as a multilayer switch, the target-side network
device (108) may include functionality to process network
traffic using both MAC addresses and IP addresses.

In one embodiment of the disclosure, the persistent stor-
age on the target-side network device (108) may include any
type of non-transitory computer readable medium that
includes computer readable program code (or instructions),
which when executed by at least one computer processor,
enables the target-side network device (108) to perform any
of the functionalities described herein. Moreover, examples
of the target-side network device (108) may include, but are
not limited to, a switch, a router, a multilayer switch, a fibre
channel (FC) device, and an InfiniBand® device. The target-
side network device (108) is not limited to the aforemen-
tioned specific examples. Further, the target-side network
device (108) is described in further detail in FIG. 3, below.

In one embodiment of the disclosure, the source-side
network device (104), the network (106), and the target-side
network device (108) may collectively implement a physical
layer (or LL1) connectivity abstraction (112). That is, through
one or more embodiments disclosed herein, the L1 connec-
tivity abstraction (112) may emulate a direct connection
between the data source (102) and the data target(s) (110A-
110N). Further, in emulating a direct connection, the L1
connectivity abstraction (112) may include functionality to
transport or replicate the physical properties (e.g., errors,
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proprietary signaling, clock frequency, etc.) of any data
streams exchanged between the data source (102) and the
data target(s) (110A-110N).

In one embodiment of the disclosure, a data target (110A-
110N) may represent any physical computing device (or end
point) (e.g., implemented through computer software, firm-
ware, and hardware) that may be configured to generate,
transmit, receive, and/or process data. A data target (110A-
110N) may include functionality to communicate with—
i.e., transmit data to (and/or receive data from)— the data
source (102) (described above). Though a data target (110A-
110N) and the data source (102) may be indirectly connected
(via at least the source-side network device (104), the
network (106), and the target-side network device (108))
based on one or more embodiments disclosed herein, a data
target (110A-110N) may communicate with the data source
(102) with the presumption of a direct connection there-
between. One of ordinary skill will appreciate that a data
target (110A-110N) may perform other functionalities with-
out departing from the scope of the disclosure.

Further, in one embodiment of the disclosure, a data target
(110A-110N) may include, but is not limited to, one or more
computer processors (e.g., integrated circuits), memory,
persistent storage, and one or more physical network inter-
faces (also referred to as ports). Examples of a data target
(110A-110N) may include, but are not limited to, a server, a
desktop computer, a laptop computer, a tablet computer, a
smartphone, a device under test (DUT), or any other type of
computing device including the aforementioned minimum
requirements.

While FIG. 1 shows a configuration of components, other
system (100) configurations may be used without departing
from the scope of the disclosure.

FIG. 2 shows a source-side network device in accordance
with one or more embodiments of the disclosure. The
source-side network device (200) may include a source-
facing port (202), a source-facing physical layer (PHY)
device (204), a source-facing protocol media access con-
troller (MAC) (208), a switch fabric (210), a target-facing
protocol MAC (212), a target-facing PHY device (214), and
a target-facing port (218). Each of these source-side network
device (200) subcomponents is described below.

In one embodiment of the disclosure, the source-facing
port (202) may represent a physical (i.e., hardware) com-
munication interface through which the source-side network
device (200) directly connects to the data source (224)
(described above) (see e.g., element 102 in FIG. 1). To that
extent, the source-facing port (202) may include function-
ality to couple with one end of a physical transmission
medium (e.g., a cable) (not shown), where the other end of
the physical transmission medium may terminate at another,
compatible physical communication interface disposed on
the data source (224). By way of examples, the source-
facing port (202), as well as the aforementioned physical
transmission medium, may be implemented using any exist-
ing Ethernet over twisted pair, optical fiber, or coaxial cable
technologies.

In one embodiment of the disclosure, the source-facing
PHY device (204) may represent an assembly of integrated
circuits configured to implement PHY functionalities of the
Open Systems Interconnection (OSI) model for computer
networking. The aforementioned PHY functionalities may
include, but are not limited to: receiving data (in analog
form) (e.g., electrical or optical fluctuations) from the data
source (224) via the source-facing port (202); encoding the
received data (in analog form) to produce data (in digital
form) (e.g., bit-streams, or sequences of binary bits); pro-
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viding the produced data (in digital form) to the source-
facing protocol MAC (208) for processing; obtaining other
data (in digital form) from the source-facing protocol MAC
(208); decoding the obtained other data (in digital form) to
produce other data (in analog form); and transmitting the
produced other data (in analog form) to the data source (224)
via the source-facing port (202). One of ordinary skill,
however, will appreciate that the source-facing PHY device
(204) may perform other functionalities without departing
from the scope of the disclosure.

In one embodiment of the disclosure, to facilitate at least
the above-mentioned receiving and transmitting of data (in
analog form) from and to the data source (224), the source-
facing PHY device (204) may include a source-facing trans-
ceiver (206). The source-facing transceiver (206), accord-
ingly, may represent one or more integrated circuits
configured for data transmission, data reception, and the
management thereof. Further, the above-mentioned encod-
ing and/or decoding of data (in analog form) to data (in
digital form) (and vice versa) may employ any existing
digital modulation (i.e., digital-to-analog conversion) and/or
digital demodulation (i.e., analog-to-digital conversion)
techniques.

In one embodiment of the disclosure, data (in analog
form) may refer to a continuous-time electrical or optical
signal, which may characterize the data using electrical or
optical pulses of varying amplitude (i.e., having an infinite
spectrum of values). In contrast, data (in digital form) may
refer to a discrete-time electrical or optical signal, which
may alternatively characterize the data using electrical or
optical pulses of fixed amplitude (i.e., having a finite set—
usually a pair— of values).

In one embodiment of the disclosure, the source-facing
protocol MAC (208) may represent one or more integrated
circuits configured to implement MAC (or data-link layer)
functionalities of the OSI model for computer networking.
The aforementioned MAC functionalities may include, but
are not limited to: obtaining data (in digital form) (e.g.,
bit-streams) from the source-facing PHY device (204); pro-
cessing the obtained bit-streams through, for example,
boundary detection and/or ingress clock frequency sam-
pling, to produce bit-stream chunks; and providing the
produced bit-stream chunks to the switch fabric (210). One
of ordinary skill, however, will appreciate that the source-
facing protocol MAC (208) may perform other functionali-
ties without departing from the scope of the disclosure.

In one embodiment of the disclosure, the switch fabric
(210) may represent a physical bridge (e.g., implemented
through one or more integrated circuits), a logical bridge
(e.g., implemented through computer software), or a com-
bination thereof, configured to determine out of which PHY
device (e.g., target-facing PHY device (214)), and corre-
sponding communications port (e.g., target-facing port
(218)), to send data towards a particular destination (e.g., the
target-side network device (not shown) via the network
(226)). To that extent, the switch fabric (210) may include
one or more data processing pipelines (not shown) (i.e., one
or more sets of successive data processing elements or
stages), which examine the data, in conjunction with pro-
grammed data structures, policies, rules, and/or other infor-
mation, to make the aforementioned determination. Further,
through these data processing pipeline(s), the switch fabric
(210) may include functionality to: obtain bit-stream chunks
from the source-facing protocol MAC (208); determine, as
previously described, at least out of which port (e.g., target-
facing port (218)) through which the obtained bit-stream
chunks should be transmitted; identify the protocol MAC
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(e.g., target-facing protocol MAC (212)) associated with,
and thus connected to, the determined port; and provide the
bit-stream chunks to the identified protocol MAC accord-
ingly. One of ordinary skill, however, will appreciate that the
switch fabric (210) may perform other functionalities with-
out departing from the scope of the disclosure.

In one embodiment of the disclosure, the target-facing
protocol MAC (212) may represent one or more integrated
circuits configured to implement MAC (or data-link layer)
functionalities of the OSI model for computer networking.
The aforementioned MAC functionalities may include, but
are not limited to: obtaining bit-stream chunks from the
switch fabric (210); packaging the obtained bit-stream
chunks into one or more protocol data units (e.g., Ethernet
frames) conforming to any networking protocol (e.g., Eth-
ernet); and providing the protocol data unit(s) (as data in
digital form) to the target-facing PHY device (214) for
modulation and transmission. One of ordinary skill, how-
ever, will appreciate that the target-facing protocol MAC
(212) may perform other functionalities without departing
from the scope of the disclosure.

In one embodiment of the disclosure, the target-facing
PHY device (214) may represent an assembly of integrated
circuits configured to implement PHY functionalities of the
OSI model for computer networking. The aforementioned
PHY functionalities may include, but are not limited to:
receiving data (in analog form) (e.g., electrical or optical
fluctuations) from the network (226) via the target-facing
port (218); encoding the received data (in analog form) to
produce data (in digital form) (e.g., bit-streams); providing
the produced data (in digital form) to the target-facing
protocol MAC (212) for processing; obtaining other data (in
digital form) from the target-facing protocol MAC (212);
decoding the obtained other data (in digital form) to produce
other data (in analog form); and transmitting the produced
other data (in analog form) to the network (226) via the
target-facing port (218). One of ordinary skill, however, will
appreciate that the target-facing PHY device (214) may
perform other functionalities without departing from the
scope of the disclosure.

In one embodiment of the disclosure, to facilitate at least
the receiving and transmitting of data (in analog form) from
and to the network (226), the target-facing PHY device (214)
may encompass a target-facing transceiver (216). The target-
facing transceiver (216), accordingly, may represent one or
more integrated circuits configured for data transmission,
data reception, and the management thereof. Further, the
aforementioned encoding and/or decoding of data (in analog
form) to data (in digital form) (and vice versa) may employ
any existing digital modulation (i.e., digital-to-analog con-
version) and/or digital demodulation (i.e., analog-to-digital
conversion) techniques.

In one embodiment of the disclosure, the target-facing
port (218) may represent a physical (i.e., hardware) com-
munication interface through which the source-side network
device (200) operatively connects to the target-side network
device (not shown) via the network (226) (described above)
(see e.g., element 106 in FIG. 1). To that extent, the
target-facing port (218) may include functionality to couple
with one end of a physical transmission medium (e.g., a
cable) (not shown), where the other end of the physical
transmission medium may terminate at another, compatible
physical communication interface disposed on a device (or
system) (e.g., a switch, a router, a gateway, etc.) (not shown)
at an edge of the network (226). By way of examples, the
target-facing port (218), as well as the aforementioned
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physical transmission medium, may be implemented using
any existing Ethernet over twisted pair, optical fiber, or
coaxial cable technologies.

While FIG. 2 shows a configuration of subcomponents,
other source-side network device (200) configurations may
be used without departing from the scope of the disclosure.
For example, in one or more embodiments of the disclosure,
the source-side network device (200) may further include a
source-facing transmit (TX) first-in, first-out (FIFO) buffer
(220), as well as a TX phase-lock loop (PLL) (222) disposed
within the source-facing PHY device (204). The source-
facing TX FIFO buffer (220) may represent a read-write
memory array configured to temporarily store or write, and
subsequently release or read, data intended for egress (or
transmission) through the source-facing protocol MAC
(208), the source-facing PHY device (204), and the source-
facing port (202). The source-facing TX FIFO buffer (220)
may manage the aforementioned data based on a chrono-
logical order in which the data enters (or is submitted to) the
source-facing TX FIFO buffer (220). That is, a first data that
arrives in the source-facing TX FIFO buffer (220) may also
be the first data to leave the source-facing TX FIFO buffer
(220).

Furthermore, in the above-mentioned embodiment(s) of
the disclosure, a FIFO state of the source-facing TX FIFO
buffer (220)— indicating a current fill level thereof relative
to a FIFO depth thereof— may be monitored and used to
drive (or serve as input) to the TX PLL (222). The current
fill level may reference a cardinality of data (e.g., a number
of bit-stream chunks) that have been written, and thus
stored, into the source-facing TX FIFO buffer (220) at any
given point-in-time, whereas the FIFO depth may reference
a maximum cardinality of data (e.g., 2 maximum number of
bit-stream chunks) that the source-facing TX FIFO buffer
(220) may be configured to hold. Meanwhile, the TX PLL
(222) may represent one or more integrated circuits config-
ured to generate a transmit clock signal, which may be
associated with the transmission (and thus influence the
transmit data rate) of data to the data source (224).

In the above-mentioned embodiment(s) of the disclosure,
the switch fabric (210) may include further functionality to:
obtain bit-stream chunks from the target-facing protocol
MAC (212); make a determination (described above) as to
which communications port (e.g., source-facing port (202))
to send the obtained bit-stream chunks to the data source
(224); based on the determination, identify the source-facing
TX FIFO buffer (220); and write the obtained bit-stream
chunks into the identified source-facing TX FIFO buffer
(220). On the other hand, the source-facing protocol MAC
(208) may include further functionality to: monitor the
above-mentioned FIFO state of the source-facing TX FIFO
buffer (220); upon the FIFO state reaching a predefined
fill-threshold (e.g., half or 50% of a configured FIFO depth
of the source-facing TX FIFO buffer (220)), read the written
bit-stream chunks from the source-facing TX FIFO buffer
(220); reconstruct bit-streams using the read bit-stream
chunks; and provide the reconstructed bit-streams (e.g., data
in digital form) to the source-facing PHY device (204) for
modulation and transmission. Moreover, the source-facing
PHY device (204) may include further functionality to:
manage an egress clock frequency (or TX data rate) based on
the FIFO state of the source-facing TX FIFO buffer (220)
(described below) (see e.g., FIG. 5B).

FIG. 3 shows a target-side network device in accordance
with one or more embodiments of the disclosure. The
target-side network device (300) may include a source-
facing port (302), a source-facing physical layer (PHY)



US 11,652,698 B2

9

device (304), a source-facing protocol media access con-
troller (MAC) (308), a switch fabric (310), a target-facing
protocol MAC (312), a target-facing PHY device (314), a
target-facing port (318), and a target-facing transmit (TX)
first-in, first-out (FIFO) buffer (320). Each of these target-
side network device (300) subcomponents is described
below.

In one embodiment of the disclosure, the source-facing
port (302) may represent a physical (i.e., hardware) com-
munication interface through which the target-side network
device (300) operatively connects to the source-side network
device (not shown) via the network (324) (described above)
(see e.g., element 106 in FIG. 1). To that extent, the
source-facing port (302) may include functionality to couple
with one end of a physical transmission medium (e.g., a
cable) (not shown), where the other end of the physical
transmission medium may terminate at another, compatible
physical communication interface disposed on a device (or
system) (e.g., a switch, a router, a gateway, etc.) (not shown)
at an edge of the network (324). By way of examples, the
source-facing port (302), as well as the aforementioned
physical transmission medium, may be implemented using
any existing Ethernet over twisted pair, optical fiber, or
coaxial cable technologies.

In one embodiment of the disclosure, the source-facing
PHY device (304) may represent an assembly of integrated
circuits configured to implement PHY functionalities of the
Open Systems Interconnection (OSI) model for computer
networking. The aforementioned PHY functionalities may
include, but are not limited to: receiving data (in analog
form) (e.g., electrical or optical fluctuations) from the net-
work (324) via the source-facing port (302); encoding the
received data (in analog form) to produce data (in digital
form) (e.g., bit-streams, or sequences of binary bits); pro-
viding the produced data (in digital form) to the source-
facing protocol MAC (308) for processing; obtaining other
data (in digital form) from the source-facing protocol MAC
(308); decoding the obtained other data (in digital form) to
produce other data (in analog form); and transmitting the
produced other data (in analog form) to the network (324)
via the source-facing port (302). One of ordinary skill,
however, will appreciate that the source-facing PHY device
(304) may perform other functionalities without departing
from the scope of the disclosure.

In one embodiment of the disclosure, to facilitate at least
the above-mentioned receiving and transmitting of data (in
analog form) from and to the network (324), the source-
facing PHY device (304) may include a source-facing trans-
ceiver (306). The source-facing transceiver (306), accord-
ingly, may represent one or more integrated -circuits
configured for data transmission, data reception, and the
management thereof. Further, the above-mentioned encod-
ing and/or decoding of data (in analog form) to data (in
digital form) (and vice versa) may employ any existing
digital modulation (i.e., digital-to-analog conversion) and/or
digital demodulation (i.e., analog-to-digital conversion)
techniques.

In one embodiment of the disclosure, the source-facing
protocol MAC (308) may represent one or more integrated
circuits configured to implement MAC (or data-link layer)
functionalities of the OSI model for computer networking.
The aforementioned MAC functionalities may include, but
are not limited to: obtaining data (in digital form) (e.g.,
bit-streams) from the source-facing PHY device (304); pro-
cessing the obtained bit-streams through, for example,
boundary detection and/or ingress clock frequency sam-
pling, to produce bit-stream chunks; providing the produced
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bit-stream chunks to the switch fabric (310); obtaining other
bit-stream chunks from the switch fabric (310); packaging
the obtained other bit-stream chunks into one or more
protocol data units (e.g., Ethernet frames) conforming to any
networking protocol (e.g., Ethernet); and providing the
protocol data unit(s) (as data in digital form) to the source-
facing PHY device (304) for modulation and transmission.
One of ordinary skill, however, will appreciate that the
source-facing protocol MAC (308) may perform other func-
tionalities without departing from the scope of the disclo-
sure.

In one embodiment of the disclosure, the switch fabric
(310) may represent a physical bridge (e.g., implemented
through one or more integrated circuits), a logical bridge
(e.g., implemented through computer software), or a com-
bination thereof, configured to determine out of which PHY
device (e.g., target-facing PHY device (314) or source-
facing PHY device (304)), and corresponding communica-
tions port (e.g., target-facing port (318) or source-facing port
(302)), to send data towards a particular destination (e.g., a
data target (326) or the source-side network device (not
shown) via the network (324)). To that extent, the switch
fabric (310) may include one or more data processing
pipelines (not shown) (i.e., one or more sets of successive
data processing elements or stages), which examine the data,
in conjunction with programmed data structures, policies,
rules, and/or other information, to make the aforementioned
determination. Further, through these data processing pipe-
line(s), the switch fabric (310) may include functionality to:
obtain bit-stream chunks from the target-facing protocol
MAC (312) or the source-facing protocol MAC (308);
determine, as previously described, at least out of which port
(e.g., target-facing port (318) or source-facing port (302))
through which the obtained bit-stream chunks should be
transmitted; identify the protocol MAC (e.g., target-facing
protocol MAC (312) or source-facing protocol MAC (308))
associated with, and thus connected to, the determined port;
and write the bit-stream chunks into the target-facing TX
FIFO buffer (320), or provide the bit-stream chunks to the
identified source-facing protocol MAC (308), accordingly.
One of ordinary skill, however, will appreciate that the
switch fabric (310) may perform other functionalities with-
out departing from the scope of the disclosure.

In one embodiment of the disclosure, the target-facing
protocol MAC (312) may represent one or more integrated
circuits configured to implement MAC (or data-link layer)
functionalities of the OSI model for computer networking.
The aforementioned MAC functionalities may include, but
are not limited to: monitoring a FIFO state of the target-
facing TX FIFO buffer (320); upon the FIFO state reaching
a predefined fill-threshold (e.g., half or 50% of a configured
FIFO depth of the target-facing TX FIFO buffer (320)),
reading the written bit-stream chunks from the target-facing
TX FIFO buffer (320); reconstructing bit-streams using the
read bit-stream chunks; providing the reconstructed bit-
streams (e.g., data in digital form) to the target-facing PHY
device (314) for modulation and transmission; obtaining
other bit-streams from the target-facing PHY device (314);
processing the obtained other bit-streams through, for
example, boundary detection and/or ingress clock frequency
sampling, to produce other bit-stream chunks; and providing
the produced other bit-stream chunks to the switch fabric
(310). One of ordinary skill, however, will appreciate that
the target-facing protocol MAC (312) may perform other
functionalities without departing from the scope of the
disclosure.
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In one embodiment of the disclosure, the target-facing
PHY device (314) may represent an assembly of integrated
circuits configured to implement PHY functionalities of the
OSI model for computer networking. The aforementioned
PHY functionalities may include, but are not limited to:
receiving data (in analog form) (e.g., electrical or optical
fluctuations) from a data target (326) via the target-facing
port (318); encoding the received data (in analog form) to
produce data (in digital form) (e.g., bit-streams); providing
the produced data (in digital form) to the target-facing
protocol MAC (312) for processing; obtaining other data (in
digital form) from the target-facing protocol MAC (312);
decoding the obtained other data (in digital form) to produce
other data (in analog form); and transmitting the produced
other data (in analog form) to a data target (326) via the
target-facing port (318). One of ordinary skill, however, will
appreciate that the target-facing PHY device (314) may
perform other functionalities without departing from the
scope of the disclosure.

In one embodiment of the disclosure, to facilitate at least
the receiving and transmitting of data (in analog form) from
and to a data target (326), the target-facing PHY device
(314) may include a target-facing transceiver (316). The
target-facing transceiver (316), accordingly, may represent
one or more integrated circuits configured for data trans-
mission, data reception, and the management thereof. Fur-
ther, the aforementioned encoding and/or decoding of data
(in analog form) to data (in digital form) (and vice versa)
may employ any existing digital modulation (i.e., digital-
to-analog conversion) and/or digital demodulation (i.e., ana-
log-to-digital conversion) techniques.

In one embodiment of the disclosure, the target-facing
PHY device (314) may further include a TX phase-lock loop
(PLL) (322). The TX PLL (322) may represent one or more
integrated circuits configured to generate a transmit clock
signal, which may be associated with the transmission (and
thus a transmit data rate) of data to a data target (326).

In one embodiment of the disclosure, the target-facing
port (318) may represent a physical (i.e., hardware) com-
munication interface through which the target-side network
device (300) directly connects to a data target (326) (de-
scribed above) (see e.g., elements 100A-110N in FIG. 1). To
that extent, the target-facing port (318) may include func-
tionality to couple with one end of a physical transmission
medium (e.g., a cable) (not shown), where the other end of
the physical transmission medium may terminate at another,
compatible physical communication interface disposed on a
data target (326). By way of examples, the target-facing port
(318), as well as the aforementioned physical transmission
medium, may be implemented using any existing Ethernet
over twisted pair, optical fiber, or coaxial cable technologies.

In one embodiment of the disclosure, the target-facing TX
FIFO buffer (320) may represent a read-write memory array
configured to temporarily store or write, and subsequently
release or read, data intended for egress (or transmission)
through the target-facing protocol MAC (312), the target-
facing PHY device (314), and the target-facing port (318).
The target-facing TX FIFO buffer (320) may manage the
aforementioned data based on a chronological order in
which the data enters (or is submitted to) the target-facing
TX FIFO buffer (320). That is, a first data that arrives in the
target-facing TX FIFO buffer (320) may also be the first data
to leave the target-facing TX FIFO buffer (320).

Furthermore, in one embodiment of the disclosure, a
FIFO state of the target-facing TX FIFO buffer (320)—
indicating a current fill level thereof relative to a FIFO depth
thereof— may be monitored and used to drive (or serve as
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input) to the TX PLL (322) (described above). The current
fill level may reference a cardinality of data (e.g., a number
of bit-stream chunks) that have been written, and thus
stored, into the target-facing TX FIFO buffer (320) at any
given point-in-time, whereas the FIFO depth may reference
a maximum cardinality of data (e.g., 2 maximum number of
bit-stream chunks) that the target-facing TX FIFO buffer
(320) may be configured to hold.

While FIG. 3 shows a configuration of subcomponents,
other target-side network device (300) configurations may
be used without departing from the scope of the disclosure.

FIG. 4 shows a flowchart describing a method for source-
side layer 1 (L.1) connectivity emulation in accordance with
one or more embodiments of the disclosure. The various
steps outlined below may be performed by the source-side
network device (see e.g., FIGS. 1 and 2). Further, while the
various steps in the flowchart are presented and described
sequentially, one of ordinary skill will appreciate that some
or all steps may be executed in different orders, may be
combined or omitted, and some or all steps may be executed
in parallel.

Turning to FIG. 4, in Step 400, data is received from a
directly-connected data source. In one embodiment of the
disclosure, the data may initially be received, via a physical
transmission medium coupled to the data source and a
source-facing port of the source-side network device, as an
analog signal. The analog signal may subsequently undergo
digital demodulation (or analog-to-digital conversion) to
obtain a bit-stream representative of the received data. A
bit-stream may refer to a sequence of binary bits.

In Step 402, the bit-stream (obtained in Step 400) is
sampled to recover an ingress clock frequency. In one
embodiment of the disclosure, through sampling of the
bit-stream, timing information, detailing the transitions in
the bit-stream, may be extracted therefrom. The timing
information, subsequently, may be used to generate an
ingress clock signal (e.g., via phase alignment using a
phase-lock loop (PLL)), which may be associated with (yet
had not accompanied) the above-mentioned analog signal
received through the physical transmission medium and the
source-facing port. Further, from characteristics of the gen-
erated ingress clock signal, the ingress clock frequency (or
frequency of the ingress clock signal) may be obtained and,
accordingly, so can an ingress (or receive (RX)) data rate be
deduced. The RX data rate (also referred to as the RX bit
rate) may refer to the speed of which the bit-stream (or a
number of binary bits, of the bit-stream, per unit of time) is
received from the data source.

In Step 404, one or more bit-stream chunks is/are col-
lected based on the ingress clock frequency (recovered in
Step 402). Specifically, in one embodiment of the disclosure,
the ingress clock frequency may be used, for example, in
boundary detection and/or encoding processes to segment
the bit-stream into the bit-stream chunk(s). Thereafter, in
Step 406, the bit-stream chunk(s) (collected in Step 404)
is/are packaged (or encapsulated) into one or more protocol
data units (e.g., Ethernet frames), which may conform to any
networking protocol (e.g., Ethernet).

In Step 408, the protocol data unit(s) (produced in Step
406) is/are subsequently transmitted, via a target-facing port
of the source-side network device and over a network, to a
target-side network device.

FIG. 5A shows a flowchart describing a method for
target-side .1 connectivity emulation in accordance with
one or more embodiments of the disclosure. The various
steps outlined below may be performed by the target-side
network device (see e.g., FIGS. 1 and 3). Further, while the
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various steps in the flowchart are presented and described
sequentially, one of ordinary skill will appreciate that some
or all steps may be executed in different orders, may be
combined or omitted, and some or all steps may be executed
in parallel.

Turning to FIG. 5A, in Step 500, one or more protocol
data units (e.g., Ethernet frames), conforming to any net-
working protocol (e.g., Ethernet), is/are received. In one
embodiment of the disclosure, the protocol data unit(s) may
have arrived from a source-side network device over a
network and through a source-facing port of the target-side
network device.

In Step 502, the protocol data unit(s) (received in Step
500) is/are unpacked (or decapsulated) to obtain one or more
bit-stream chunks. Subsequently, in Step 504, the bit-stream
chunk(s) (obtained in Step 502) is/are written into a target-
facing transmit (TX) first-in, first-out (FIFO) buffer.

In Step 506, a determination is made as to whether a
bit-stream (reconstructed using previously obtained bit-
stream chunk(s)) is already transmitting to one or more data
targets. In one embodiment of the disclosure, if it is deter-
mined that transmission of the bit-stream, to the data
target(s), has already commenced (based on a FIFO state of
the target-facing TX FIFO buffer reaching a fill-threshold),
then the process proceeds to Step 512. On the other hand, in
another embodiment of the disclosure, if it is alternatively
determined that transmission of the bit-stream, to the data
target(s), has not yet commenced (based on a FIFO state of
the target-facing TX FIFO buffer not yet reaching the
fill-threshold), then the process alternatively proceeds to
Step 508.

In Step 508, following the determination (in Step 506)
that a bit-stream is not already transmitting to one or more
data targets, a FIFO state of the target-facing TX FIFO
buffer is monitored. In one embodiment of the disclosure,
the FIFO state may serve as an indicator for indicating a
current fill level of the target-facing TX FIFO buffer in
relation to a FIFO depth thereof. The current fill level may
reference a cardinality of data (e.g., a number of bit-stream
chunks) that have been written, and thus stored, into the
target-facing TX FIFO buffer at any given point-in-time,
whereas the FIFO depth may reference a maximum cardi-
nality of data (e.g., a maximum number of bit-stream
chunks) that the target-facing TX FIFO buffer may be
configured to hold.

In Step 510, a determination is made as to whether the
FIFO state (monitored in Step 508) has reached a fill-
threshold. The fill-threshold may refer to a predefined ref-
erence fill level of the target-facing TX FIFO buffer, relative
to the FIFO depth thereof. Accordingly, in one embodiment
of the disclosure, if it is determined that the FIFO state has
at least reached the fill-threshold, then the process proceeds
to Step 512. On the other hand, in another embodiment of
the disclosure, if it is alternatively determined that the FIFO
state has not yet reached the fill-threshold, then the process
alternatively proceeds to Step 500, where one or more
additional protocol data units may be received.

In Step 512, following the determination (in Step 506)
that a bit-stream is already transmitting to one or more data
targets, or following the determination (in Step 510) that a
FIFO state of the target-facing TX FIFO buffer has at least
reached a fill-threshold, the bit-stream chunk(s) (written
thereto in Step 504) is read from the target-facing TX FIFO
buffer. Thereafter, in Step 514, the bit-stream chunk(s) (read
in Step 512) are concatenated, in chronological or FIFO
order, to append to the already-transmitting bit-stream (or
reconstruct a bit-stream that has yet to be transmitted).
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In Step 516, the bit-stream (appended to or reconstructed
in Step 514) is continued to be (or subsequently) transmitted
to one or more directly-connected data targets, and via one
or more target-facing ports, respectively. In Step 518, an
egress clock frequency, and accordingly, a TX data rate,
associated with the transmission of the bit-stream, is here-
inafter managed based on the monitored dynamics of FIFO
state of the target-facing TX FIFO buffer. Management of
egress clock frequency (and/or the TX data rate) is described
in further detail in FIG. 5B, below. Following the aforemen-
tioned management, the process may proceed to Step 500,
where one or more additional protocol data units may be
received or, alternatively, if there are no more additional
protocol data units to be received, the process ends.

FIG. 5B shows a flowchart describing a method for clock
rate control using buffered data state in accordance with one
or more embodiments of the disclosure. The various steps
outlined below may be performed by the target-side network
device (see e.g., FIGS. 1 and 3). Further, while the various
steps in the flowchart are presented and described sequen-
tially, one of ordinary skill will appreciate that some or all
steps may be executed in different orders, may be combined
or omitted, and some or all steps may be executed in parallel.

Turning to FIG. 5B, in Step 520, a continually changing
first-in, first-out (FIFO) state of a target-facing transmit (TX)
FIFO buffer is monitored. In one embodiment of the dis-
closure, the FIFO state may serve as an indicator for
indicating a current fill level of the target-facing TX FIFO
buffer in relation to a FIFO depth thereof. The current fill
level may reference a cardinality of data (e.g., a number of
bit-stream chunks) that have been written, and thus stored,
into the target-facing TX FIFO buffer at any given point-
in-time, whereas the FIFO depth may reference a maximum
cardinality of data (e.g., a maximum number of bit-stream
chunks) that the target-facing TX FIFO buffer may be
configured to hold.

In Step 522, a determination is made as to whether the
FIFO state (monitored in Step 520) lies below a fill-thresh-
old (i.e., the same fill-threshold mentioned in FIG. 5A,
above). In one embodiment of the disclosure, if it is deter-
mined that the FIFO state is indeed below the fill-threshold,
then the process proceeds to Step 524. On the other hand, in
another embodiment of the disclosure, if it is alternatively
determined that the FIFO state at least matches the fill-
threshold, then the process alternatively proceeds to Step
526.

In Step 524, following the determination (in Step 522)
that the FIFO state (monitored in Step 520) lies below the
fill-threshold, an egress clock phase-lock loop (PLL) (or a
PLL configured to generate a transmit clock signal associ-
ated with the transmission of a bit-stream to one or more
data targets) is adjusted. Specifically, in one embodiment of
the disclosure, the egress clock PLL may be adjusted such
that a frequency of the transmit clock signal decreases,
thereby leading to a decrease in the transmit data rate of the
bit-stream, which would allow the TX FIFO buffer to fill
more rapidly. Hereinafter, the process ends.

In Step 526, following the alternative determination (in
Step 522) that the FIFO state (monitored in Step 520) at least
matches the fill-threshold, another determination is made as
to whether the FIFO state exceeds the fill-threshold. In one
embodiment of the disclosure, if it is determined that the
FIFO state indeed exceeds the fill-threshold, then the pro-
cess proceeds to Step 528. On the other hand, in another
embodiment of the disclosure, if it is alternatively deter-
mined that the FIFO state exactly matches the fill-threshold,
then the process ends.
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In Step 528, following the determination (in Step 526)
that the FIFO state (monitored in Step 520) exceeds the
fill-threshold, an egress clock PLL (or a PLL configured to
generate a transmit clock signal associated with the trans-
mission of a bit-stream to one or more data targets) is
adjusted. Specifically, in one embodiment of the disclosure,
the egress clock PLL may be adjusted such that a frequency
of the transmit clock signal increases, thereby leading to an
increase in the transmit data rate of the bit-stream, which
would allow the TX FIFO buffer to empty more rapidly.
Hereinafter, the process ends.

In one embodiment of the disclosure, through the main-
tenance of the FIFO state, of the target-facing TX FIFO
buffer, at or near the fill-threshold (e.g., at or near half or
50% of the FIFO depth thereof), the transmit data rate of the
bit-stream, by the target-side network device and to the data
target(s), may be manipulated to match (or nearly-match) a
receive data rate of the bit-stream, by the source-side net-
work device and from the data source. Further, through the
matching of aforementioned transmit and receive data rates,
along with the transportation or replication of other physical
properties (e.g., errors, proprietary signaling, etc.), a physi-
cal layer (or L1) connectivity abstraction between the data
source and the data target(s) may be achieved.

FIG. 6 shows an exemplary scenario in accordance with
one or more embodiments of the disclosure. The exemplary
scenario, illustrated through FIG. 6 and described below, is
for explanatory purposes only and not intended to limit the
scope of the disclosure.

Turning to FIG. 6, consider a setup that includes test
equipment (602), representative of a data source, and a
device under test (DUT) (610) representative of a data
target. The test equipment (602) (and the testing operations
conducted thereby) is/are designed such that the DUT (610)
should be co-located and directly connected. However, due
to extenuating circumstances, the test equipment (602) and
the DUT (610) are instead spatially or geographically apart.
In order to emulate the necessary direct connection between
the test equipment (602) and the DUT (610), a physical layer
(or L1) connectivity abstraction (612) is implemented using
a source-side network device (604), a network (606), and a
target-side network device (608). Specifically, the test equip-
ment (602) is co-located and directly connected to the
source-side network device (604); the source-side network
device (604) spatially/geographically distant and is opera-
tively connected to the target-side network device (608)
through the network (606); and the target-side network
device (608) is co-located and directly connected to the
DUT (610).

Using the above-described setup, a virtual L1 (or emu-
lated direct) connection between the test equipment (602)
and the DUT (610), via the network (606) and in accordance
with one or more embodiments of the disclosure, may be
implemented as follows:

1) The source-side network device (604) receives data (in
analog form) from the test equipment (602) at a receive
(RX) data rate;

2) The source-side network device (604) subsequently
recovers an ingress clock associated, yet not accompa-
nied with the data, and proceeds to convert the data (in
analog form) into data (in digital form— e.g., a bit-
stream), followed by segmenting the data (in digital
form) into data chunks (in digital form—e.g., bit-
stream chunks) based on the recovered ingress clock;

3) The source-side network device (604) thereafter pack-
ages or encapsulates the data chunks into one or more
protocol data units (e.g., Ethernet frames);
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4) The source-side network device (604) then transmits
the protocol data unit(s) to the target-side network
device (608) through the network (606);

5) The target-side network device (608) receives the
protocol data unit(s) from the source-side network
device (604) through the network (606), subsequently
unpacking or decapsulating the protocol data unit(s) to
obtain the data chunks therein;

6) The target-side network device (608) writes the data
chunks into a transmit (TX) first-in, first-out (FIFO)
buffer, and monitors a FIFO state thereof;

7) The target-side network device (608) determines that
the FIFO state of the TX FIFO buffer has reached a
predefined fill-threshold (e.g., half or 50% of a FIFO
depth configured for the TX FIFO buffer), and accord-
ingly, begins reading the data chunks from the TX
FIFO buffer to reconstruct the data (in digital form)
first, followed by the conversion thereof into data (in
analog form);

8) The target-side network device (608) then transmits the
reconstructed data (in analog form) to the DUT (610) at
a TX data rate; and

9) The target-side network device (608) continues to
monitor the FIFO state of the TX FIFO buffer, and
accordingly, manipulates the TX data rate using a
phase-lock loop (PLL) driven by the FIFO state, to
match the TX data rate to the RX data rate (of the data
received by the source-side network device (604)).

While the disclosure has been described with respect to a

limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the disclosure as disclosed herein. Accordingly, the
scope of the disclosure should be limited only by the
attached claims.

What is claimed is:
1. A system for emulating physical layer (L.1) connectivity
over a network, the system comprising:
a source-side network device directly connected to a data
source, and comprising:
a first computer processor; and
first memory comprising first computer readable pro-
gram code, which when executed by the first com-
puter processor, enables the first computer processor
to perform a first method, the first method compris-
ing:
receiving, through a first source-facing port, a bit-
stream from the data source;
sampling the bit-stream to recover an ingress clock
frequency associated with the bit-stream;
collecting a set of bit-stream chunks from the bit-
stream based on the ingress clock frequency;
packaging the set of bit-stream chunks into at least
one protocol data unit; and
transmitting, through a first target-facing port and
over the network, the at least one protocol data
unit to a target-side network device; and
the target-side network device operatively connected over
the network to the source-side network device and
directly connected to a data target, and comprising:
a second computer processor; and
second memory comprising second computer readable
program code, which when executed by the second
computer processor, enables the second computer
processor to perform a second method, the second
method comprising:
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receiving, through a second source-facing port and
over the network, the at least one protocol data
unit from the source-side network device;
unpacking the at least one protocol data unit to
obtain the set of bit-stream chunks;
writing the set of bit-stream chunks into a transmit
(TX) first-in, first-out (FIFO) buffer; and
based on a FIFO state of the TX FIFO buffer
reaching a fill-threshold:
transmitting, through a second target-facing port
and at a TX data rate adjusted based on the
FIFO state, the bit-stream to the data target,
wherein the bit-stream is reconstructed using the
set of bit-stream chunks read from the TX FIFO
buffer.

2. The system of claim 1, wherein the TX data rate
decreases when the FIFO state lies below the fill-threshold
and increases when the FIFO state exceeds the fill-threshold.

3. The system of claim 2, wherein the fill-threshold
matches half of a FIFO depth configured for the TX FIFO
buffer.

4. The system of claim 1, wherein the TX data rate
matches a receive (RX) data rate of the bit-stream received
by the source-side network device.

5. The system of claim 1, wherein an operative connection
over the network between the target-side and source-side
network devices implements an abstraction of the L1 con-
nectivity between the data source and the data target.

6. The system of claim 1, wherein the target-side and
source-side network devices are each from a set comprising
a switch, a router, a multilayer switch, a fiber-channel
device, or an InfiniBand device.

7. A method for emulating physical layer (I.1) connectiv-
ity over a network, the method comprising:

receiving, by a target-side network device, at least one

protocol data unit over the network from a source-side
network device;

unpacking the at least one protocol data unit to obtain a set

of bit-stream chunks;

writing the set of bit-stream chunks into a transmit (TX)

first-in, first-out (FIFO) buffer; and

based on a FIFO state of the TX FIFO buffer reaching a

fill-threshold:

transmitting, at a TX data rate adjusted based on the
FIFO state, a bit-stream to a data target directly
connected to the target-side network device,

wherein the bit-stream is reconstructed using the set of
bit-stream chunks read from the TX FIFO buffer, and

wherein the TX data rate matches a receive (RX) data
rate of the bit-stream received by the source-side
network device from a data source.

8. The method of claim 7, wherein the TX data rate
decreases when the FIFO state lies below the fill-threshold
and increases when the FIFO state exceeds the fill-threshold.

9. The method of claim 8, wherein the fill-threshold
matches half of a FIFO depth configured for the TX FIFO
buffer.

10. The method of claim 7, wherein an operative connec-
tion over the network between the target-side and source-
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side network devices implements an abstraction of the L1
connectivity between a data source and the data target.

11. The method of claim 10, wherein the data source and
the data target are spatially or geographically distant from
one another.

12. The method of claim 7, wherein the target-side
network device is a switch, a router, a multilayer switch, a
fiber-channel device, or an InfiniBand device.

13. A network device for, at least in part, emulating
physical layer (1) connectivity over a network, the network
device comprising:

a plurality of ports;

a computer processor operatively connected to the plu-

rality of ports; and

memory comprising computer readable program code,

which when executed by the computer processor,
enables the computer processor to perform a method,
the method comprising:
receiving, by a source-facing physical layer device in
the network device, through a source-facing port of
the plurality of ports, and over the network, at least
one protocol data unit from a source-side network
device;
unpacking the at least one protocol data unit to obtain
a set of bit-stream chunks;
writing the set of bit-stream chunks into a transmit
(TX) first-in, first-out (FIFO) buffer; and
based on a FIFO state of the TX FIFO buffer reaching
a fill-threshold:
transmitting, by a target-facing physical layer device
in the network device, through a target-facing port
of the plurality of ports, and at a TX data rate
adjusted based on the FIFO state, a bit-stream to
a data target,
wherein the bit-stream is reconstructed using the set
of bit-stream chunks read from the TX FIFO
buffer.

14. The network device of claim 13, wherein the TX data
rate decreases when the FIFO state lies below the fill-
threshold and increases when the FIFO state exceeds the
fill-threshold.

15. The network device of claim 14, wherein the fill-
threshold matches half of a FIFO depth configured for the
TX FIFO buffer.

16. The network device of claim 13, wherein the TX data
rate matches a receive (RX) data rate of the bit-stream
received by the source-side network device from a data
source.

17. The network device of claim 13, wherein an operative
connection over the network between the target-side and
source-side network devices implements an abstraction of
the L1 connectivity between a data source and the data
target.

18. The network device of claim 17, wherein the data
source and the data target are spatially or geographically
distant from one another.

19. The network device of claim 13, wherein the network
device is a switch, a router, a multilayer switch, a fiber-
channel device, or an InfiniBand device.
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